Oral infection with Porphyromonas (P.) gingivalis causes periodontitis that is manifested by the destruction of gingival connective tissues. Although a few types of antibiotics are effective against the infection, its use induces the appearance of drug-resistant bacteria. The present study shows that the fermented product of Aspergillus (A.) oryzae S-03, cultivated on the fat-removed soybean, inhibits the cell growth of the P. gingivalis. Likewise, the fermented product of the S-03 strain cultured for 26~42 h displays an inhibitory activity to gingipain as a virulence factor of P. gingivalis. The activity is not lost even with heat treatment at 100℃ for 15 min. We also demonstrate that the S-03 strain exhibits high protease activity. In addition, the strain does not produce aflatoxin because of the loss of a regulatory gene, aflR, necessary for the toxin biosynthesis.
INTRODUCTION
In mycology, a genus of filamentous fungi, Aspergillus, (5) . A. oryzae is essentially used to ferment soybeans and wheat or rice to make a soybean paste, called "miso" in Japanese, and soy sauce, as well as to saccharify rice for the production of sake and other distilled spirits. A recent report (6) has indicated that during the fermentation process for miso production, hydrolyzation of casein by A. oryzae gives rise to anti-hypertensive peptides that inhibit the angiotensin-I converting enzyme.
Periodontal disease affects up to 40% of the adult popu-
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Original Article lation in developed or developing countries. Porphyromonas (P.) gingivalis, which is a gram-negative black-pigmented anaerobic bacterium, is detected in the microflora of subgingival plaques. In recent years, there have been many reports dealing with the physiology and the functional properties of this bacterium in the pathogenesis of adult periodontitis (7, 8) . A multiple virulence factor of P.
gingivalis involved in tissue destruction, evasion of host defenses, and invasion includes fimbriae, hemagglutinins, and lypo-polysaccharides (LPS). Another aspect of the process of degrading connective tissues as well as host defense macromolecules that has been well characterized is trypsin-like cysteine proteases, referred as gingipains. Two types of gingipains have been found: one is arginine specific (Arg-gingipains or Rgp), and another is lysine specific (Lysgingipains or Kgp). It has been suggested that gingipains are responsible for at least 85% of the proteolytic activity of this bacterium that develops edema, neutrophil infiltration, and bleeding due to the degradation of fibrinogen in human plasma. Gingipains may be assembled as Kgp-RgpA complexes that are closely associated with cell surfaces or they may be liberated into the growth medium. Both gingipains also noncovalently complexed with 44 kDa hemagglutinins (9~13).
Currently, the use of antibiotics is widely accepted for treating P. gingivalis infection (14) . Unfortunately, this treatment increasingly encounters the resistant strains and causes side effects of antibiotics such as epigastric pain and severe diarrhea. With respect to the disease, Kadowaki et al. (15) have demonstrated high suppression profiles of synthetic peptide KYT-1 and KYT-36 with a concentration of less than 1 μM to gingipain activities, although issues are still pending regarding the safety of these peptides for human use. Similarly, leupeptin and antipain, two low-molecularweight peptides, acts on a broad spectrum of cellular serine and cysteine proteases and displays high potential for inhibiting the activity of gingipains (16, 17) . At the same time, it has been reported that leupeptin induces certain morphological changes on cerebellum granule neurons in vitro (18) . Much effort has thus been made in the search for more-efficient and less-invasive treatments against the pathogenicity of this bacterium. These include peptides from a chymosin digest of casein, green tea catechins, and polyphenolic compounds from cranberries (19~22). Protegrins isolated from porcine leukocytes have been shown also to inhibit the growth of P. gingivalis in vitro (23) .
Although many studies describe the biological and industrial uses of koji, studies regarding its medical uses, such as developing substances effective against pathogenic bacteria, are few (24) . In the present study, we show that when cultivated onto fat-removed soybeans, A. oryzae S-03 produces inhibitors to the cell growth of P. gingivalis and to gingipain as a virulence factor of P. gingivalis.
MATERIALS AND METHODS

The preparation of koji
Slightly polished white rice was soaked overnight in distilled water at room temperature. After the soaking, the grains were drained and then steamed for 30 min and incubated at 30℃ for 72 h. Chromosomal DNA was extracted as described previously (25) . ITS4 and ITS5 primers were used to amplify (GeneAmp PCR System 9700, ABI, US). The QIAquick PCR Purification Kit (Qiagen, US) was used to clean up amplified fragments, and this was next applied to direct sequencing (ABI 3100 Avant Genetic Analyzer) using the ITS1 and ITS4 primers. All primers used in this study to amplify several structural genes are listed in Table 1 . 
Preparation of the gingipain inhibitor
A solid mass of the fat-removed soybean koji was combined with 3 volumes of distilled water and gently agitated at room temperature for 1 h. Subsequently, after the suspension was centrifuged at 13,500 x g for 15 min, the resulting supernatant fluid was filtered with a 0.2-μm membrane filter (DISMIC-13cp, Advantec, Japan). Furthermore, the ultrafiltration membrane cutting off the molecular weight of 3,000 Da (MWCO 3K, Millipore, US) was used to fractionate the solute with a high yield. The permeate fraction was used to further purify the gingipain inhibitors.
The obtained permeate was extracted twice by adding an equal volume of acetone, and, after centrifugation for 10 min at 6,000 x g, the solid material was subsequently discarded, and the liquid extract was freeze-dried and kept at -20℃ until use. 
Cultivation of
Assay of gingipain activity
The enzymatic activity of gingipain, which is classified into cysteine proteases, was measured using two synthetic substrates, benzyloxycarbonyl-L-phenylalanyl-L-arginine 4-methyl-coumaryl-7-amide (Z-Phe-Arg-MCA) and benzyloxy 
RESULTS AND DISCUSSION
Genetic analysis of aflatoxin biosynthesis in A. oryzae
S-03
The DNA target regions, which are widely used to identify Aspergillus species, are mainly internal transcribed spacer (ITS) regions in the rDNA complex (27) . In this study, we carried out the direct sequencing of the PCR product of the S-03 DNA using ITS4 and ITS5 primers.
The amplification of the ITS region of the strain generated a PCR product with 507 bp. The nucleotide sequence analysis showed that the S-03 strain is obviously classified as an A1a type of A. oryzae-flavus (data not shown).
Aflatoxin-biosynthesizing genes are still present in many strains of the genus Aspergillus (28~30). Since A. oryzae is genetically very close to the aflatoxin-producing A. flavus, there is a possibility that the S-03 strain has an aflatoxinsynthesizing gene cluster in its genome. Therefore, it is important to prove at the molecular level that A. oryzae S-03 is incapable of producing aflatoxin to continue using strains of this species with confidence in the food-processing industry. In previous research, an aflatoxin biosynthetic gene cluster was identified. The cluster includes a regulatory gene, designated aflR, and several structural genes, such as nor-1, ver-1, and vbs (31). To assess whether these genes are actively expressed in A. oryzae S-03 used in this study, a multiplex PCR was developed for the S-03 strain using seven sets of primer for aflT, nor-1, aflR, norA, avnA, verB, and vbs genes that cover sequences throughout the aflatoxin biosynthetic gene cluster. Instead, three amplification products corresponding to avnA, verB, and vbs genes were observed ( Fig. 1) , indicating that the S-03 strain belongs to the group 2 Aspergillus. Regarding the smear with lesser intensity which appeared in lane 2, we should note that this Table 1 .
Furthermore, Southern blot analysis using the probe for the aflR-encoding region reveals that this gene is obviously absent in A. oryzae S-03 (Fig. 2) . This result indicates that A. oryzae S-03 does not produce aflatoxin due to the lack of this major transcriptional regulator of the aflatoxinbiosynthetic genes and, therefore, is useful as a completely safe industrial strain. In fact, genomic analysis of the RIB40 strain as a typical A. oryzae has shown that deletions and the frame-shift mutations exist in the aflatoxin-encoding gene cluster. In addition, it is demonstrated that there are oryzae S-03, which were used in the soy source production and provided from Higuchi Matsunosuke Shoten Co., Ltd..
As shown in Fig. 3 , The S-03 strain produced the highest amount of protease and the total activity reached up to 87,600 U/g of dry cell weight, but the α-amylase production of the strain is average in the A. oryzae used in this study.
In general, the productivities of protease and amylase of A. oryzae are known to be time dependently increased until 50 hr culture. Fig. 4 shows that protease production of A. and Salmonella typhimurium (36, 37) . Similar results have also been obtained in a study of Rhizopus oryzae fermented on soybeans and rice (24) . However, despite these claims, High-molecular-weight retentive fractions scarcely arrested the gingipain activity, whereas low-molecular-weight per- The purified RgpB or RgpA-Kgp protease complex were preincubated with the given concentrations of inhibitor for 15 min at 25℃. Table 2 shows that the activity of LMWFs against gingipains was not repressed, even after heat treatment at 100℃ for 15 min.
Soybeans have trypsin inhibitors, with molecular weights known to be 8 kDa and 20 kDa. Although we analyzed the inhibitory profile of LMWFs by SDS-PAGE (data not shown), no bands with the given molecular masses of 8 and 20 kDa were detected. We speculate that the gingipain inhibitor may be the digestive product of proteins contained in the fat-removed soybeans by the protease from A. oryzae S-03. Since koji contains phenolic compounds, the LMWF sample was also extracted 3 times with chloroform followed by 3 times with ethyl acetate. However, either with chloroform or with ethyl acetate, very little inhibitory activity against gingipains was observed as compared to that present on the residual water-soluble fraction (data not shown).
In conclusion, aflatoxin-biosynthesizing genes are still present in many strains of the genus Aspergillus. Therefore, it is important to prove at the molecular level that A. oryzae S-03 is incapable of producing aflatoxin to continue using strains of this species with confidence in the food-processing industry. By the nucleotide sequence and Southern blot analyses in this study, we have determined that the aflR necessary for regulating aflatoxin-biosynthetic genes is absent in A. oryzae S-03. Since the development of natural compounds with significant anti-bacterial targets has been the focus of much recent research, we further examined inhibitory activities against the oral pathogen of P. gingivalis.
This bacterium produces several types of proteolytic enzymes, including gingipains, which are known to induce degradation of a broad range of connective tissues and host defense macromolecules. We show in the present study that A. oryzae S-03 exhibits both antibacterial and gingipain inhibitory activities when cultured onto the fat-removed soybeans. Of interest, gingipain inhibitory activities of the LMWF of the fat-removed soybean koji extract after heat treatment were practically indistinguishable.
